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INTRODUCTION 

Location of Gem Val ley 

'Gem Val ley is loca t ed  45 m i l e s  sou theas t  of P o c a t e l l o  along 

t h e  d iv ide  between t h e  Bear and Portneuf r i v e r  bas ins .  Portneuf 

Val ley forms t h e  no r the rn  boundary while t h e  Bear River c u t s  

through the  sou thern  end of Gem Val ley (F igu re  1 ) .  Mountain 

ranges form t h e  eas t -west  boundar ies ,  with t he  F i sh  Creek Range 

t o  the  e a s t  and the  Soda Spr ings  H i l l s  and t h e  Bear River Range 

t o  the  west. The Bear River  e n t e r s  Gem Val ley through a  gap be- 

tween the  Soda Spr ings  H i l l s  t o  t he  no r th  and t h e  Bear River Range 

t o  the  south.  The r i v e r  fol lows the  va l l ey  edge southward be fo re  

t u r n i n g  west ,  c u t t i n g  the  Black Canyon, then flows south through 

Gen t i l e  Val ley.  The v a l l e y  f l o o r  s lopes  gen t ly  away frorn Soda 

Point  a t  an e l e v a t i o n  of 5700 f e e t  above sea  l e v e l  towards t he  

southwest t o  Turner with an e l e v a t i o n  of 5500 f e e t  and toward the  

northwest  t o  Bancroft  with an e l e v a t i o n  of 5450 f e e t .  

Scope of t h e  Report 

In  response t o  i n q u i r i e s  frorn Gem Val ley Water Users con- 

ce rn ing  poss ib l e  d e c l i n i n g  ground water l e v e l s  and well i n t e r -  

f e r ence  problems, a  geohydrologic s tudy  was i n i t i a t e d  by t h e  

Department. The s p e c i f i c  o b j e c t i v e s  of t h e  s tudy  were t o :  

1) determine i f  ~ r o u n d  water l e v e l s  were d e c l i n i n g  on a  l o c a l  o r  

r eg iona l  l e v e l ;  and 2 )  determine i f  wel l  i n t e r f e r e n c e  was 

a f f e c t i n g  water u s e r ' s  a b i l i t y  t o  f i l l  t h e i r  water  r i g h t s .  



F i g u r e  1. L o c a t i o n  o f  Gem V a l l e y ,  P o r t n e u f  V a l l e y  and  
G e n t i l e  V a l l e y .  



GEOHYDROLOGIC SETTING 
+ 

Geology 

The d r a i n a g e  s y s t e m  of a n c e s t r a l  T h a t c h e r  B a s i n  was con- 

s i d e r a b l y  d i f f e r e n t  34 ,000  y e a r s  ago t h a n  i t  is t o d a y .  T h a t c h e r  

B a s i n  i n c l u d e d  a l l  o f  P o r t n e u f  V a l l e y ,  Gem V a l l e y ,  and G e n t i l e  

V a l l e y  ( F i g u r e  2 ) .  F i g u r e s  a -  i l l u s t r a t e  t h e  f o l l o w i n g  

d i s c u s s i o n .  Bear  Fiiver and t h e  d r a i n a g e  f rom Gem and G e n t i l e  

V a l l e y s  f lowed n o r t h ,  j o i n i n g  t h e  P o r t n e u f  R i v e r ,  t h e n  l e a v i n g  

t h e  T h a t c h e r  B a s i n  t h r o u g h  t h e  P o r t n e u f  Gorge.  L o c a l  b a s a l t  

f l o w s  i n  t h e  Por"c:ieuf Gorge dammed t h e  s u r f a c e  d r a i n a g e  s y s t e m  

a p p r o x i m a t e l y  33 ,500  y e a r s  ago c a u s i n g  Lake T h a t c h e r  t o  form.  

The l a k e  l e v e l  r o s e  and s e d i m e n t s  f rom t h e  r i v e r s  and s t r e a m s  

were  d e p o s i t e d  i n  t h e  b a c k w a t e r s  b e h i n d  t h e  b a s a l t  dam. Over the 

n e x t  t housand  y e a r s ,  b a s a l t s  began f i l l i n g  the b a s i n  and even-  

t u a l l y  d i v i d e d  t h e  l a k e  i n  h a l f .  Lake l e v e l s  c o n t i n u e d  t o  r i s e  

a s  no s t r e a m  l e f t  t h e  l a k e .  Lake bed s e d i m e n t s  and b a s a l t  f l o w s  

c o n t i n u e d  t o  f i l l  i n  t h e  l a k e .  Approxi rna te ly  27 ,000  y e a r s  a g o ,  

Lake T h a t c h e r  began t o  o v e r f l o w  a t  i t s  s o u t h e r n  s h o r e ,  d i v e r t i n g  

t h e  f l ow  s o u t h  i n t o  Lake B o n n e v i l l e  and i n i t i a t e d  t h e  d o w n c u t t i n g  

t h a t  formed t h e  Oneida  Narrows.  By 20 ,000  y e a r s  ago ,  Lake 

T h a t c h e r  had d r a i n e d  and e r o s i o n  began  on t h e  s e d i m e n t s  t h a t  were  

d e p o s i t e d  i n  t h e  l a k e .  Rea r  R i v e r  began  c u t t i n g  i t s  p r e s e n t  

c h a n n e l  t h r o u g h  t h e  b a s a l t s  t o  fo rm B l a c k  Canyon. Approx ima te ly  

18 ,000  y e a r s  ago ,  t h e  l e v e l  of Lake B o n n e v i l l e  had r i s e n  t o  a  

l e v e l  t h a t  backed i t s  w a t e r s  i n t o  s o u t h e r n  Gem V a l l e y  and a l l  of 

G e n t i l e  V a l l e y .  Lake B o n n e v i l l e  o v e r f l o w e d  i t s  dam a t  Red Rock 



R 39 E .  

F i g u r e  2 .  G e o l o g l c  mop o f  Tholcher Bosin and geoIog ,c  
c r o s s  sections ( B r i g h t ,  1963). 
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Pass  and t h e  w a t e r  l e v e l  began d r o p p i n g  r a p i d l y  t i l l  t h e  c h a n n e l  

r e a c h e d  bed rock  ( 1 3 , 9 0 0  y e a r s  a g o ) .  Lake B o n n e v i l l e  c o n t i n u e d  t o  

d r a i n  a t  a  s l o w e r  r a t e .  I n f l o w  t o  t h e  l a k e  was less t h a n  o u t f l o w  

s o  t h e  l e v e l  c o n t i n u e d  t o  d r o p  u n t i l  i t  r eached  i t s  p r e s e n t  day 

s i z e  ( G r e a t  S a l t  L a k e ) .  The s u r f a c e  f e a t u r e s  shown i n  F i g u r e  3 1  

a r e  similar t o  p r e s e n t  day c o n d i t i o n s .  

G e o l o g i c  c r o s s  s e c t i o n s  d e m o n s t r a t e  t h e  c u r r e n t  g e o l o g i c  

env i ronmen t  ( F i g u r e  2 ) .  The ground  w a t e r  f l o w  s y s t e m  is  g r e a t l y  

a f f e c t e d  by t h e  g e o l o g i c  e v e n t s  t h a t  formed t h e  p r e s e n t  day  

topography .  The s e d i m e n t s  t h a t  were  d e p o s i t e d  i n  Lake T h a t c h e r  

u n d e r l i e  t h e  b a s a l t s  i n  most of Gem V a l l e y .  G r a v e l  and sand  beds  

a r e  g e n e r a l l y  c o n f i n e d  t o  t h e  b a s i n  marg ins  and t h e  mouths of 

s t r e a m s .  A s  a  s t r e a m  l e a v e s  t h e  moun ta in s  and e n t e r s  t h e  v a l l e y ,  

t h e  v e l o c i t y  of t h e  s t r e a m  g e n e r a l l y  d e c r e a s e s  due t o  a  change i n  

t h e  g r a d i e n t  o f  t h e  s u r f a c e  t h a t  t h e  s t r e a m  f l o w s  o v e r .  A s  t h e  

s t r e a m ' s  v e l o c i t y  d e c r e a s e s  t h e  a b i l i t y  of t h e  s t r e a m  t o  c a r r y  

s e d i m e n t  a l s o  d e c r e a s e s .  T h e r e f o r e ,  t h e  c o a r s e r ,  h e a v i e r ,  s e d i -  

men t s  a r e  d e p o s i t e d  f i r s t .  The s e d i m e n t s  g r a d e  f i n e r  t owards  t h e  

c e n t e r  of t h e  v a l l e y  w i t h  s i l t  and c l a y  beds  i n t e r f i n g e r i n g  w i t h  

t h e  n e a r  s h o r e  s a n d s  and g r a v e l s .  

The Gem V o l c a n i c s  a r e  d a r k  t o  v e r y  d a r k  g r a y  p o r p h y r i t i c  

o l i v i n e  b a s a l t s .  P o r p h y r i t i c  i s  a t e x t u r a l  t e r m  d e s c r i b i n g  

i g n e o u s  r o c k  w i t h  l a r g e  c r y s t a l s ,  i n  t h i s  c a s e  - made of o l i v i n e ,  

s e t  i n  a  f i n e r  mass .  The b a s a l t  i s  fine-to-medium g r a i n e d ,  

s l i g h t l y  v e s i c u l a r  o v e r a l l ,  and v e r y  v e s i c u l a r  a t  t h e  t o p  of t h e  

f l o w  u n i t s .  V e s i c u l a r  b a s a l t s  have small c a v i t i e s  t h a t  formed by 

t h e  e x p l o s i o n  of a  b u b b l e  of g a s  o r  s t eam d u r i n g  t h e  s o l i d j . f i c a t i o n  



of t h e  b a s a l t .  The m a j o r  s o u r c e  of t h e  b a s a l t s  were t h e  cones  

and  f i s s u r e s  n e a r  A l e x a n d e r  and be tween  N i t e r  and t h e  Grace  power- 

p l a n t .  A second  s o u r c e  f o r  t h e  b a s a l t s  was t h e  B l a c k f o o t  Lava 

F i e l d .  These  b a s a l t s  f l owed  t h r o u g h  Ten Mi le  P a s s  and p a s t  Soda  

P o i n t .  

Recent  g e o p h y s i c a l  work i n  Gem V a l l e y  may have  l o c a t e d  a  

b u r l e d  r i v e r  c h a n n e l  a l o n g  t h e  w e s t e r n  s i d e  of t h e  v a l l e y  (Mabey, 

1 9 7 1 ) .  Lake T h a t c h e r  may have ove r f lowed  t h e  b a s a l t  dam a t  t h e  

P o r t n e u f  Gap a l l o w i n g  a c h a n n e l  t o  form.  If t h e  b u r i e d  c h a n n e l  

e x i s t s ,  i t  may be t h e  r e a s o n  f o r  w e l l s  p e n e t r a t i n g  more s e d i m e n t s  

a l o n g  t h e  w e s t e r n  edge  of t h e  v a l l e y  t h a n  w e l l s  f u r t h e r  t o  t h e  

e a s t .  We l l s  comple t ed  i n  t h e s e  s e d i m e n t s  need t o  be c o n s t r u c t e d  

i n  such  a way as t o  l i m i t  s and  f rom e n t e r i n g  t h e  w e l l .  

Due t o  t h e  complex g e o l o g y  o f  t h e  i n t e r f a c e  be tween  t h e  l a k e  

bed s e d i m e n t s  and t h e  b a s a l t s ,  it would be d i f f i c u l t  t o  i d e n t i f y  

any  g i v e n  w e l l  d e p t h  a t  which p o i n t ,  d e e p e n i n g  would no l o n g e r  

p r o v i d e  an  i n c r e a s e  i n  w e l l  y i e l d .  Most of t h e  w e l l s  d r i l l e d  f o r  

i r r i g a t i o n  p u r p o s e s  a r e  200-300 f e e t  deep ;  o n l y  a  few a r e  d e e p e r  

t h a n  400 f e e t .  The f o l l o w i n g  w e l l s  were  comple ted  below 500  f e e t :  

L o c a t i o n  Depth o f  Well  Depth t o  Water 

1. T.8S.-R.39E.-Sec. 1 6  575 f e e t  90 f e e t  

2 .  T.9S.-R.39E.-Sec. 8  585 f e e t  109 f e e t  

3. T.9S.-R.40E.-Sec. 20 525 f e e t  140 f e e t  

We l l s  # 1  and  # 2  c o m p l e t e l y  p e n e t r a t e d  t h e  l a k e  bed s e d i m e n t s  

w i t h  no b a s a l t  f l o w s  b e f o r e  e n t e r i n g  t h e  s a n d s t o n e s ,  l i m e s t o n e ,  

o r  s h a l e s  o f  t h e  S a l t  Lake f o r m a t i o n  o r  p r e - T e r t i a r y  f o r m a t i o n s  



( s h a l e s ) .  Well  y i e l d s  f rom t h e  S a l t  Lake Forma t ion  range  from - 0 

t o  1800 g a l l o n s  p e r  minute  i n  t h e  Bear  R i v e r  V a l l e y .  Well  # 3  d i d  

n o t  f u l l y  p e n e t r a t e  t h e  l a k e  bed s e d i m e n t s ,  b u t  d i d  p e n e t r a t e  

s e v e r a l  b a s a l t  f l o w s .  No w e l l  y i e l d  i n f o r m a t i o n  was r e p o r t e d  f o r  

any  of t h e  t h r e e  w e l l s .  G e n e r a l l y ,  t h e  d e e p e r  t h e  urel l ,  t h e  

l o w e r  t h e  w a t e r  l e v e l ,  b u t  n o t  i n  a l l  c a s e s .  Con t inued  d r i l l i n g  

w i t n  a q u i f e r  t e s t s  would d e t e r m i n e  i f  d e e p e r  w e l l s  would be of 

b e n e f i t .  

Mapping of t h e  l a k e  bed s e d i m e n t - b a s a l t  i n t e r f a c e  c o u l d  o n l y  

b e  accompl i shed  on a c o a r s e  s c a l e  because  of t h e  l i m i t e d  d a t a  

a v a i l a b l e .  Because of  t h e  complex n a t u r e  of i n t e r f a c e ,  t h i s  

would be of l i t t l e  v a l u e  i n  p l a n n i n g  w e l l  l o c a t i o n s  and d e p t h s .  

More c a r e  s h o u l d  be t a k e n  i n  w e l l  d e s i g n  and c o n s t r u c t i o n  t h e  

c l o s e r  t h e  w e l l  s i t e  is t o  t h e  v a l l e y  marg in .  A l so ,  t h e  more 

sed imen t  e n c o u n t e r e d ,  t h e  more c r i t i c a l  t h e  w e l l  d e s i g n  and con- 

s t r u c t i o n .  

Hydrology 

The ground w a t e r  f l o w  sys t em i n  Gem V a l l e y  is  a n  unconf ined  

a q u i f e r  e x c e p t  where s a t u r a t e d  po rous  b a s a l t s  a r e  e n c o u n t e r e d  

b e n e a t h  c l a y  l a y e r s  of  t h e  l a k e  bed d e p o s i t s  which c a u s e s  a r t e -  

s i a n  p r e s s u r e  ( c o n f i n e d  a q u i f e r ) .  We1:Ls may i n t e r c e p t  one l a r g e  

p r o d u c i n g  zone o r  s e v e r a l  small p r o d u c i n g  zones depend ing  on t h e  

geo logy  p e n e t r a t e d  a t  t h a t  p a r t i c u l a r  s i t e .  

Recharge  t o  a q u i f e r ( s )  o c c u r s  from p r e c i p i t a t i o n  b o t h  on t h e  

v a l l e y  f l o o r s  and a s  s u r f a c e  r u n o f f  from t h e  mounta ins  as t h e r e  

i s  ve ry  l i t t l e  s u r f a c e  d r a i n a g e  o v e r  much of  t h e  v a l l e y .  

Recharge  p r o b a b l y  a l s o  o c c u r s  a s  ground w a t e r  f l o w s  t h r o u g h  Ten 



Mile  Pass and t h r o u g h  t h e  gap  a t  Soda P o i n t .  Seepage  f rom i r r i -  

g a t i o n  c a n a l s  and i n f i l t r a t i o n  o f  e x c e s s  i r r i g a t i o n  water, b o t h  

s u r f a c e  and s p r i n k l e r  a p p l i e d ,  a l s o  r e c h a r g e s  t h e  a q u i f e r .  

D i s c h a r g e  f rom t h e  g round  w a t e r  f l o w  s y s t e m  o c c u r s  as :  

1) e v a p o t r a n s p i r a t i o n  where  t h e  p o t e n t i o m e t r i c  s u r f a c e  i s  n e a r  

l a n d  s u r f a c e  ; 2 )  d i s c h a r g e  f rom s p r i n g s  i n t o  t h e  Bea r  and 

P o r t n e u f  R i v e r s ;  3) g round  w a t e r  f l o w  t h r o u g h  t h e  P o r t n e u f  Gap; 

a n d ,  4 )  t h r o u g h  i r r i g a t i o n ,  d o m e s t i c ,  and m u n i c i p a l  pumpage. 

E v a p o t r a n s p i r a t i o n  t a k e s  p l a c e  n e a r  t h e  s p r i n g s  and i n  t h e  a r e a s  

n e a r  t h e  r i v e r s  and s t r e a m s .  S e v e r a l  s p r i n g s  o c c u r  on b o t h  s i d e s  

o f  Black  Canyon. 

The d i r e c t i o n  of g round  w a t e r  f l o w  i n  G e m  V a l l e y  is  un ique  

b e c a u s e  a ground  w a t e r  d i v i d e  s e p a r a t e s  t h e  v a 1 l . e ~  i n t o  two f l o w  

s y s t e m s  ( F i g u r e  4 ) .  The ground  w a t e r  d i v i d e  i s  n o t  w e l l  d e f i n e d  

t o w a r d s  Soda P o i n t  b u t  i s  b e t t e r  d e f i n e d  t o w a r d s  Bucksk in  

Mountain .  The l o c a t i o n  of t h e  d i v i d e  i s  n o t  s t a t i o n a r y  as 

changes  i n  t h e  f l o w  p a t t e r n  w i l l  d e v e l o p  i n  r e s p o n s e  t o  changes  

i n  pumpage o r  r e c h a r g e ,  t h u s  a f f e c t i n g  t h e  s h a p e  and p o s i t i o n  of 

t h e  d i v i d e :  t h e  g round  w a t e r  n o r t h  of t h e  d i v i d e  Plows n o r t h w e s t  

d i s c h a r g i n g  i n t o  t h e  P o r t n e u f  R i v e r  o r  as ground  w a t e r  unde r  f l o w  

t h r o u g h  t h e  P o r t n e u f  Gap. S o u t h  of t h e  d i v i d e ,  t h e  ground  w a t e r  

f l o w s  s o u t h - s o u t h w e s t ,  d i s c h a r g i n g  i n t o  t h e  Bear  R i v e r  a s  s p r i n g s  

i n  B lack  Canyon. S o u t h e a s t  of t h e  Bea r  R i v e r ,  t h e  ground  w a t e r  

f l o w  s y s t e m  i s  a p p r o x i m a t e l y  75  f e e t  l ower  i n  e l e v a t i o n  and t h e  

d i r e c t i o n  o f  f l o w  i s  w e s t  t owards  t h e  Bea r  R i v e r ,  a l s o  

d i s c h a r g i n g  f rom s e v e F a l  s p r i n g s .  

As of November 1950 ,  t h e r e  were s i x  o b s e r v a t i o n  w e l l s  i n  t h e  



Figure  4 .  Ground water  contour  map showing t h e  l o c a t i o n  
of  t h e  d i v i d e  and t h e  d i r e c t i o n  of  flow. 



P o r t n e u f ,  Gem and G e n t i l e  V a l l e y s  m o n i t o r e d  by t h e  G e o l o g i c a l  

Su rvey .  F i v e  more w e l l s  were  m o n i t o r e d  by t h e  Depar tment  be tween  

J u l y  and December 1980.  Con t inuous  w a t e r  l e v e l  r e c o r d e r s  were  

i n s t a l l e d  on t h r e e  of t h e  w e l l s .  F i g u r e  5 shows t h e  l o c a t i o n  of 

t h e  o b s e r v a t i o n  w e l l s .  

Water l e v e l  r e c o r d e r s  d e s i g n e d  t o  o p e r a t e  w h i l e  a pump is  

o p e r a t i n g  were  i n s t a l l e d  i n  E v e r e t t  S m i t h ' s  i r r i g a t i o n  w e l l  

(T10S-R40E-Sec. 5 B D D )  and i n  Marvin S m i t h ' s  i r r i g a t i o n  w e l l  

(T10S-R40E-Sec. 8BUA) .  The w a t e r  l e v e l  i n  t h e  E v e r e t t  Smi th  w e l l  

d ropped  56 f e e t  f rom J u n e  1 6  t o  June  30 ,  1980.  Due t o  r e c o r d e r  

p rob lems ,  measurements  were  d i s c o n t i n u e d  u n t i l  O c t o b e r  15, 1 9 8 0  

when t h e  w a t e r  l e v e l  was f o u r  f e e t  above  t h e  J u n e  pre-pumping 

l e v e l  ( F i g u r e  6 ) .  The w a t e r  l e v e l  r o s e  a l m o s t  two f e e t  d u r i n g  

Oc tobe r  and November, t h e n  began a s low d e c l i n e  t h r o u g h  December 

and J a n u a r y .  

The Marvin Smi th  i r r i g a t i o n  w e l l ,  T10S-R40E-Sec. 8BBA,  had a 

drawdown of 62 f e e t ,  b u t  w i t h i n  two days  a f t e r  t h e  pump was s h u t  

o f f ,  t h e  w a t e r  l e v e l  was o n l y  two f e e t  l ower  t h a n  pre-pumping 

l e v e l s  and was h i g h e r  t h a n  pre-pumping l e v e l s  w i t h i n  two weeks 

( F i g u r e  6 ) .  The hyd rog raph  shows t h e  w a t e r  l e v e l  r e c o v e r e d  v e r y  

r a p i d l y  when t h e  purnp was s h u t  o f f .  The w a t e r  l e v e l  f l u c t u a t e d  

v e r y  l i t t l e  d u r i n g  t h e  w i n t e r  months .  

The R u s s e l l  R i c h  w e l l ,  T10S-R40E-Sec. 5CBB, i s  a n  unused dom- 

e s t i c  w e l l  d r i l l e d  i n  J u n e  1980.  The w e l l  i s  l o c a t e d  a p p r o x i m a t e l y  

1500 f e e t  west  of t h e  E .  Smi th  w e l l  and 2700 f e e t  n o r t h w e s t  of t h e  

t h e  M .  Smi th  w e l l .  M o n i t o r i n g  of t h e  w a t e r  l e v e l  i n  t h e  R ich  w e l l  

began t h e  same day t h a t  b o t h  t h e  M. Smi th  and E .  Smi th  w e l l s  began  



Figure  5 .  Locat ion of obse rva t ion  w e l l s .  





pumping i n  J u n e  1980 .  The w a t e r  l e v e l  o n l y  dropped  one f o o t  o v e r  

a f o u r  week p e r i o d  i n  l a t e  J u n e  and e a r l y  J u l y .  The w a t e r  l e v e l  

r o s e  one f o o t  i n  J u l y ,  4 .5  f e e t  i n  Augus t ,  and a p p r o x i m a t e l y  one 

f o o t  i n  Sep tember .  The w a t e r  l e v e l  began f l u c t u a t i n g  i n  e a r l y  

O c t o b e r  w i t h  an  o v e r a l l  r i s e  of one f o o t  t h r o u g h  October-November 

( F i g u r e s  6  & 7 ) .  The w a t e r  l e v e l  d e c l i n e d  2.7 f e e t  d u r i n g  December 

and J a n u a r y .  

Both an  unused d o m e s t i c  w e l l  (T9S-R39E-Sec. 23BAD) and an 

i r r i g a t i o n  w e l l  (T9S-R39E-Sec. 23AAA) of Warren L l o y d ' s  were  

m o n i t o r e d .  Spot  measurements  of t h e  i r r i g a t i o n  w e l l  were  made 

d u r i n g  t h e  summer w h i l e  a  w a t e r  l e v e l  r e c o r d e r  was i n s t a l l e d  on  

t h e  domes t i c  w e l l  i n  e a r l y  J u l y .  The w a t e r  l e v e l  i n  t h e  domes t i c  

w e l l  d e c l i n e d  a p p r o x i m a t e l y  one f o o t  o v e r  t h r e e  weeks t h e n  began  
'\ 
*1 , 

r i s i n g  s l o w l y  f o r  t h e  n e x t  f o u r  months ( F i g u r e s  6  & 8 ) .  The +c,! .,, 
.. " <\'  

y ' O.W . 
w a t e r  l e v e l  d e c l i n e d  a p p r o x i m a t e l y  0 . 5  f e e t  f rom December t o  /I r *. ,y 

' "" .\#. A, 
J a n u a r y .  A s  no w e l l  l o g  e x i s t s  f o r  t h e  L loyd  d o m e s t i c  w e l l ,  w e l l  $- 

c o n s t r u c t i o n  and g e o l o g i c  d a t a  a r e  no t  a v a i l a b l e .  The w e l l  i s  

l o c a t e d  a p p r o x i m a t e l y  3000 f e e t  wes t  of t h e  i r r i g a t i o n  w e l l .  

Seepage  f rom t h e  West Branch  C a n a l ,  l o c a t e d  a p p r o x i m a t e l y  1000 

f e e t  wes t  of tiie d o m e s t i c  w e l l ,  p r o b a b l y  r e c h a r g e s  t h e  ground 

w a t e r  sy s t em which is i n d i c a t e d  by t h e  r i s e  i n  t h e  ground  w a t e r  

l e v e l  of t h e  d o m e s t i c  w e l l .  

Long t e r m  r<citet3 l e v e l  r e c o r d s  in Gem V a l l e y  go back t o  1967  

and  show o n l y  s e a s o n a l  f l u c t u a t i o n s .  Ground w a t e r  l e v e l s  r i s e  

d u r i n g  t h e  s p r i n g  r u n o f f  and t h e  summer i r r i g a t i o n  s e a s o n  and 

d e c l i n e  d u r i n g  t i ie  w i n t e r  months .  No l o n g  t e r m  d e c l i n e s  a r e  

i n d i c a t e d  ( F i g u r e  9 ) .  







DEPTH TO WATER, IN  FEET BELOW LAND SURFACE 



Q u a n t i f i c a t i o n  of t h e  e f f e c t s  of pumping i n  Gem V a l l e y  on 

t h e  s p r i n g s  i n  B l a c k  Canyon o r  on t h e  ground w a t e r  f l o w  i n t o  t h e  

Por, tneuf R i v e r  Sys tem a r e  beyond t h e  s cope  of t h i s  s t u d y .  The 

n a t u r a l  g round  w a t e r  f l o w  s y s t e m ,  composed of r e c h a r g e ,  l a t e r a l  

f l o w ,  and d i s c h a r g e ,  h a s  been  a f f e c t e d  by i r r i g a t i o n  deve lopmen t .  

S u r f a c e  w a t e r  i r r i g a t i o n  added  a new s o u r c e  of r e c h a r g e  t o  t h e  

ground  w a t e r  f l o w  sys t em.  The d i s t r i b u t i o n  s y s t e m  h a s  changed 

o v e r  t h e  y e a r s  a s  w e l l  as t h e  t i m i n g  of t h e  d i s c h a r g e s .  Areas  

f o r m e r l y  i r r i g a t e d  by s u r f a c e  methods have  l a r g e l y  been  c o n v e r t e d  

t o  more e f f i c i e n t  s p r i n k l e r  s y s t e m s  and t h e  saved  w a t e r  a p p l i e d  t o  

a d d i t i o n a l  l a n d s .  The more e f f i c i e n t  u s e  of s u r f a c e  w a t e r  r e d u c e s  

r e c h a r g e  t o  t h e  ground  w a t e r  s y s t e m  and t h e  i n c r e a s i n g  u s e  of 

g round  w a t e r  f o r  i r r i g a t i o n  w i l l  change  t h e  n a t u r a l  d i s c h a r g e  from 

L 1~ Lile s y s  tern. 

A n o t i c e a b l e  r e d u c t i o n  i n  f l ow  of sorne of t h e  s p r i n g s  on t h e  

:;out11 s i d e  of Black  Canyori r e s u l t e d  L'rorn t h e  r e p l a c e m e n t  of t h e  

l e a k y  wood s t a v e  p i p e l i n e  which c a r r i e d  w a t e r  t o  t h e  Grace  power- 

p l a n t .  Utah Power and L i g h t  Company h a s ,  i n  r e c e n t  y e a r s ,  found  

i t  n e c e s s a r y  t o  p a s s  w a t e r  down B lack  Canyon a t  t i m e s  i n  o r d e r  

f o r  G e n t i l e  V a l l e y  Cana l  t o  o b t a i n  a n  a d e q u a t e  s u p p l y  because  

of an  a p p a r e n t  d e c r e a s e  i n  f l o w  of t h e  s p r i n g s  ( J a y  H a i g h t ,  

P e r s o r ~ a l  Communica t ion) .  Because  t h i s  d e c r e a s e  is t i l e  r e s u l t  o f  

s e v e r a l  f a c t o r s ,  i t  would be e x t r e m e l y  d i f f i c u l t  t o  s e g r e g a t e  t h e  

e f f e c t  c aused  by i r r i g a t i o n  pumping. 



WELL DESIGN AND ITS EFFECT O N  PUMPING LEVELrS 

- 

The s p e c i f i c  c a p a c i t y  ( Q / s )  o f  a w e l l  i s  d e t e r m i n e d  by 

d i v i d i n g  t h e  r a t e  of d i s c h a r g e  f rom t h e  w e l l  ( Q )  by t h e  drawdown 

of t h e  w a t e r  l e v e l  ( s )  w i t h i n  t h e  well .  Well  c o n s t r u c t i o n ,  d e v e l -  

opment , .  and t h e  amount and l o c a t i o n  o f  p e r f o r a t i o n s  a f f e c t s  t h e  

r e l a t i o n s h i p  between d i s c h a r g e  ( Q )  and drawdown ( s ) .  The r a t i o  

between d i s c h a r g e  and drawdown ( Q / s )  d e c r e a s e s  w i t h  i n c r e a s i n g  

d i s c h a r g e  when w e l l  l o s s e s  a r e  h i g h .  Well  l o s s  i s  drawdown due 

t o  t u r b u l e n t  f l o w  o f  w a t e r  t h r o u g h  t h e  p e r f o r a t i o n s  i n  t h e  

c a s i n g .  T u r b u l e n t  f l o w  c a n  be reduced  by l o w e r i n g  t h e  d i s c h a r g e  

f rom t h e  w e l l  u n t i l  t h e  v e l o c i t y  of t h e  water p a s s i n g  t h r o u g h  t h e  

p e r f o r a t i o n s  i s  be tween  0 . 1  t o  0 . 2 5  f e e t  p e r  s e c o n d .  A second  

method would b e  t o  i n c r e a s e  t h e  amount of open a r e a  i n  t h e  

c a s i n g .  The open a r e a  of a  c a s i n g  is  t h e  a r e a  of open s p a c e  p e r  

l i n e a l  f o o t .  

L i s t e d  i n  T a b l e  1 a r e  s p e c i f i c  c a p a c i t i e s  of s e v e r a l  wells 

i n  Gem and P o r t n e u f  v a l l e y s .  The s p e c i f i c  c a p a c i t y  o f  wells 

p e n e t r a t i n g  m o s t l y  b a s a l t s  r a n g e s  f rom 270 t o  2 6 2 5  gpm/f t  of 

drawdown w h i l e  w e l l s  t h a t  p e n e t r a t e  b o t h  s e d i m e n t s  and b a s a l t s  

have  s p e c i f i c  c a p a c i t i e s  t h a t  r ange  f rom approximately 2 t o  31.3 

gpm/f t  of drawdown. It s h o u l d  a l s o  be ment ioned  t h a t  f o r  w e l l s  

comple ted  i n  u n c o n f i n e d  a q u i f e r s ,  t h e  s p e c i f i c  c a p a c i t y  d e c r e a s e s  

w i t h  i n c r e a s e d  drawdown. 

Well  c o n s t r u c t i o n  p l a y s  a g r e a t e r  r o l e  i n  t h e  p r o d u c t i v i t y  

o f  w e l l s  comple ted  i n  u n c o n s o l i d a t e d  s e d i m e n t s  t h a n  i n  b a s a l t s .  

The l o c a t i o n ,  s i z e ,  and amount of p e r f o r a t i o n s  must  be l a r g e  



TABLE 1. S p e c i f i c  C a p a c i t y *  uT Seve ra l .  We l l s  i n  Gen and i 'ortneuf ValLeys  
( N o r v i t c h  & L a r s o n ,  1 9 7 0 )  

- - - - - --- - - - - ---- - - --- -- - -- 
Geology  of A q u i f e r  

Wel l  Deptii D i s c h a r g e  Drawdown S p e c i f i c  S t a t i c  Water  Qb = b a s a l t  Q a l = a l l u v i u m ,  
L o c a t i o n  ( F e e t )  - (GPL4) ( F e e t )  -- = C a p a c i t y *  L e v e l  ( F e e t )  T s l = l a k e  - d e p o s i t s  

8S-3gE l d a d  

4cdc  

5 a c b  

8bdd 

1 Oada 

1 5 c b a  

8S-39E 22bac 

27acb 

34add 

8S-4OE 16dcd 

2 l d a a  

9s-39E 2dbb 

3. 

e x c e s s i v e  
drawdown 

100.  

183 .  

50. 

0.6 

5. 

0 .2  

45. 

1. 

150.  

73. 

n e g l i g i b l e  
drairdown 

1.1 

Qb 

Qb, T s l ?  

Qb, Q a l ? ,  T s l ?  

Qb, Q a l ? ,  T s l ?  

Qb 

Qb 

Qb 

Qb, Q a l ? ,  T s l ?  

Qb 

Qb,  Q a l ? ,  T s l ?  

Qb, Q a l ? ,  T s l ?  

Qb 

10s-40E 5BDD** 208 1400  56 .4  - 24.8 88.6 -- Qb,  Q a l ? ,  T s l ?  

* D i s c h a r g e  i n  g a l l o n s  p e r  minu te  d i v i d e d  by drawdown i n  f e e t .  
* *  D a t a  c o l l e c t e d  by IDWR p e r s o n n e l  on E .  S m i t h  w e l l  ( J u n e  1 9 8 0 ) .  



enough t o  a l l o w  t h e  d e s i r e d  d i s c h a r g e  t o  e n t e r  t h e  w e l l  w i t h i n  

t h e  v e l o c i t y  r e q u i r e m e n t s  w h i l e  p r e v e n t i n g  s i l t  and sand  from 

e n t e r i n g  t h e  w e l l .  A l t e r n a t i v e  w e l l  d e s i g n s  c o u l d  i n c l u d e :  

1) w e l l  s c r e e n  a l o n e ;  2 )  g r a v e l  p a c k i n g  w i t h  w e l l  s c r e e n ;  o r ,  3 )  

g r a v e l  p a c k i n g  w i t h  a n  i n c r e a s e  i n  p e r f o r a t i o n s  p e r  f o o t  of 

c a s i n g .  The re  a r e  s e v e r a l  k i n d s  of  s c r e e n s  on  t h e  marke t  

i n c l u d i n g  t h e  w i r e  wrapped s c r e e n ,  t h e  wedge shaped w i r e  wrap 

s c r e e n ,  t h e  s h u t t e r  s c r e e n ,  and t h e  g r a v e l  g u a r d  s c r e e n .  The 

l a t t e r  two s c r e e n s  have a v e r t i c a l  o r  h o r i z o n t a l  l o u v e r  d e s i g n e d  

s l o t  p a t t e r n .  Any of t h e s e  s c r e e n s  have a  g r e a t e r  open a r e a  p e r  

f o o t  t h a n  a  s l o t t e d  c a s i n g  ( u p  t o  10  t i m e s  as much open a r e a  p e r  

l i n e a l  f o o t  [ Johnson  D i v i s i o n ] ) .  

H y p o t h e t i c a l l y ,  compare t h e  d e s i g n  of f o u r  w e l l s :  1 )  w e l l s  

" A "  and "B" a r e  164  f e e t  deep  and a r e  l o c a t e d  i n  t h e  same w a t e r  

t a b l e  a q u i f e r  ( F i g u r e  1 0 ) ;  and ,  2 )  wells  "C" and "D" a r e  330  f e e t  

deep  and p e n e t r a t e  two p r o d u c i n g  zones  ( F i g u r e  1 1 ) .  Wel l s  A and C 

were c o n s t r u c t e d  s i m i l a r  t o  i r r i g a t i o n  w e l l s  i n  Gem V a l l e y  w h i l e  

w e l l s  B and D d e m o n s t r a t e  a n  a l t e r n a t i v e  w e l l  d e s i g n ;  w e l l  

s c r e e n .  Well  s c r e e n  w i t h  t h e  same d i a m e t e r  as t h e  s l o t t e d  c a s i n g  

would a l l o w  t h e  same amount of w a t e r  t o  e n t e r  t h e  w e l l ,  b u t  a t  a  

l o w e r  e n t r a n c e  v e l o c i t y  and when p r o p e r l y  s i z e d ,  p r e v e n t  s and  

from e n t e r i n g  t h e  w e l l .  When t h e  e n t r a n c e  v e l o c i t y  i s  m a i n t a i n e d  

b e l o x  0 . 1  f t .  p e r  s econd ,  f r i c t i o n  l o s s e s  w i l l  be n e g l i g i b l e  and 

t h e  r a t e s  of i n c r u s t a t i o n  and c o r r o s i o n  w i l l  be minimum ( J o h n s o n  

D i v i s i o n ) .  We l l s  A ,  R, C ,  and D a r e  o n l y  examples  of  p o s s i b l e  w e l l  

d e s i g n s .  Each w e l l  s h o u l d  be c o n s t r u c t e d  t o  meet t h e  s p e c i f i c  

g e o l o g i c  c o n d i t i o n s  e n c o u n t e r e d  and t h e  d e s i r e d  w e l l  y i e l d .  
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C o n c l u s i o n s  

1. Wel l s  p e n e t r a t i n g  t h e  b a s a l t  a q u i f e r s  i n  Gem Vall .ey a r e  

good t o  e x c e l l e n t  p r o d u c e r s  (1350 GPM w i t h  5 f t .  of 

drawdown) w h i l e  w e l l s  comple ted  i n  t h e  l a k e  bed s e d i -  

ments and b a s a l t s  i n t e r f i n g e r e d  a r e  poo r  t o  good produ-  

c e r s  (610  GPM w i t h  150  f t .  o f  drawdown).  

2. USGS o b s e r v a t i o n  wells i n  Gem V a l l e y  do n o t  i n d i c a t e  

a n y  l o n g  t e r m  d e c l i n e  of g round  w a t e r  l e v e l s .  
a, 

3. An i r r i g a t i o n  w e l l ,  T10S-R40E-See. 8 0 ~ h .  r e c o v e r e d  

r a p i d l y  f rom pumping f o r  trle 1980  i r r i g a t i o n  s e a s o n .  

4. Two unused dornes t lc  w e l l s  showed v e r y  l i t t l e  r e s p o n s e  t o  

n e a r b y  i r r i g a t i o n  pumping. 

5 .  We l l s  t h a t  e n c o u n t e r  h e a v i n g  sand  zones  i n  t h e  l a k e  bed 

s e d i m e n t s  c o u l d  show a d e c r e a s e  i n  t h e  w e l l  y i e l d  and /o r  

e x c e s s i v e  wear on t h e  pump bowls i f  t h e  w e l l  c o n s t r u c -  

t i o n  does  n o t  p r e v e n t  t h e  movement o f  s and  i n t o  t l ie  

w e l l .  

6 .  Ground w a t e r  f l u c t u a t i o n s  do n o t  i n d i c a t e  t h a t  t h e  cones  

o f  d e p r e s s i o n  caused  by p r o d u c t i o n  pumping a r e  of g r e a t  

a r e a l  e x t d n t ,  t h e r e f o r e ,  w e l l  i n t e r f e r e n c e  does  no t  p l a y  

a  s i g n i f i c a n t  r o l e  in w e l l  y i e l d  p rob lems  a t  t h i s  t i m e .  

7 .  Pumping l e v e l s  i n  Gem V a l l e y  a r e  a r e s u l t  o f  a q u i f e r  

c h a r a c t e r i s t i c s  and w e l l  c o n s t r u c t i o n ,  n o t  ma jo r  w e l l  

i n t e r f e r e n c e  o r  l a r g e  s c a l e  d e p l e t i o n  o f  t h e  g round  

w a t e r  r e s o u r c e .  



Recommendations 

1. Wel l s  p e n e t r a t i n g  t h e  l a k e  bed s e d i m e n t s  t h a t  a r e  

e x p e r i e n c i n g  y i e l d  prob lems  s h o u l d  e i t h e r  be pumped a t  a  

l o w e r  r a t e  s o  t ha t  t h e  pump does  n o t  " suck  a i r "  o r  be 

deepened ,  e i t h e r  e n c o u n t e r i n g  more p r o d u c t i o n  zones  o r  

p r o v i d i n g  s t o r a g e  and t h e  a b i l i t y  t o  pump from a l o d e r  

d e p t h .  

2 .  New w e l l s  o r  r e c o n s t r u c t e d  w e l l s  t o  be comple ted  i n  s and  

zones  s h o u l d  c o n s i d e r  a l t e r n a t i v e s  t o  s l o t t e d  c a s i n g :  

1) w e l l  s c r e e n ,  2 )  w e l l  s c r e e n  and g r a v e l  p a c k i n g ,  o r  

3 )  g r a v e l  p a c k i n g  wi th  s l o t t e d  c a s i n g .  
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